Three-dimensional microscopic biopsy of in vivo human skin: a new technique based on a flexible confocal microscope.
A new noninvasive microscopic technique of three-dimensional optical biopsy from in vivo human skin based on real-time confocal microscopy and computer reconstruction is demonstrated. A tandem scanning confocal microscope is a prototype of a mobile, flexible design for the in-depth microscopic exploration of the skin on the human body. The various skin layers were observed in real-time, at the subcellular level down to a depth of 200 microns with a vertical resolution of 2 microns. Rapid video recording of the Z-series through the ventral aspect of the forearm avoided shifts caused by subject movement and blood flow pulsations. Two video frames were averaged, and the average was digitized, providing a stack of 64 optical sections in 1-micron vertical steps. Three-dimensional reconstructions of in vivo human skin were obtained with sets of orthogonal slices, and slices at arbitrary planes through a volume containing the stack of slices. This method clearly shows the spatial relationships between the different cell layers. The use of orthogonal cutting planes is preferred because of its analogy with classical vertical sections of histopathology. Linear structures (surface lines) within the stratum corneum are described and their global orientations were determined by the use of Fourier transform analysis. En face optical sections constitute unusual views of this tissue, since typical pathohistological studies are based on sagittal (vertical) slices. The noninvasive optical microscopic technique provides a three-dimensional optical biopsy of in vivo human skin.